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To conserve energy and assist households with their energy costs, energy codes and other initiatives have mandated or encouraged more energy efficient homes. One of those initiatives is the Energy Star program of the U.S. Department of Energy and Environmental Protection Agency. There are various Energy Star programs targeting different products. All of the programs are performance based and require third-party certification for products to qualify as energy efficient under the program. Participation in Energy Star programs is voluntary and is generally undertaken with the expectation that the Energy Star label will benefit the marketing of qualified products.
To earn the Energy Star designation, a home must operate 30% more efficiently than a comparable home built to the National Model Energy Code. Generally, an Energy Star home costs more to construct than does a conventional house. This article examines whether homes that are energy efficient can result in operating cost savings that warrant their inclusion as a component of the strategy to promote homeownership. If such is the case, greater efforts may be warranted to educate builders and homebuyers on the benefits of energy efficient construction.
Empirical work was conducted in Gainesville, Florida. On the basis of market penetration, Gainesville is one of the most productive markets for Energy Star homes nationwide. The first Energy Star home built in Florida was completed in Gainesville in the summer of 1997. Since then, the number of Energy Star homes built in Gainesville has steadily risen. Currently, more than 10% of all new homes in the Gainesville area are being built to meet Energy Star standards. Whereas Gainesville is predominately a cooling climate, the results of the empirical work are indicative of the savings that might be achieved in a heating climate.
BACKGROUND
A monograph by McCarthy, Van Zandt, and Rohe (2001) focused on the economic benefits and costs of homeownership. In examining homeownership and housing security, the authors argued that housing costs are relatively fixed for homeowners because of a fixed mortgage payment. Whereas fuel and utilities are included in the monthly housing costs that they compare to rental rates, they do not explicitly address variations in those costs. The authors discussed home maintenance and repair expenditures, but again, the literature that is discussed does not explicitly address energy issues.
Much of the literature on energy costs and homeownership either dates back to the period of the energy crisis in the 1970s or focuses on valuation issues. Nevin and Watson (1998) examined the impact of energy efficient housing on the market value of units. They found that homeowners convert annual fuel savings into house value by multiplying the annual savings by a factor of between 10 and 25, reflecting the after-tax mortgage interest rate. The issue of the capitalization of energy cost savings is important because homebuyers may be hesitant to purchase energy efficient homes if they cannot anticipate living in the home long enough to recover the investment in energy efficiency and do not believe they can recover the costs in higher resale value for the houses. Nevin and Watson (1998) detailed seven published studies of market valuation of energy efficient homes. Of the studies, six were completed prior to 1986; the other was published in 1990. Most have limited data sets and difficulty specifying a consistent energy savings variable. However, the studies found higher home values as a result of energy efficiency. The Energy Star designation gives a consistent measure of energy improvements for this study. Data sources are also an issue; for example, Nevin and Watson used American Housing Survey data, which introduces issues of self-reporting and uses fuel expenditures as the measure of energy efficiency. This research project used administrative records discussed as follows.
Incorporating energy efficient features in houses may result in higher construction costs. However, over the lifetime of occupancy of the house, the energy savings more than offset the higher initial cost. To provide an incentive for homebuyers to purchase energy efficient homes, energy efficient mortgages allow homebuyers to qualify for larger mortgages than their incomes would otherwise allow. For example, the U.S. Department of Housing and Urban Development's insured energy efficient loans allow homebuyers to finance the cost of energy efficient improvements up to the greater of 5% of a property's value (not to exceed $8,000) or $4,000 (see http://www. hud. gov/buying/insured.cfm). In this way, the potential savings in monthly energy costs are leveraged by homebuyers through extended home purchasing power.
An additional issue in the impact of energy improvements is occupant use. Do occupants with energy saving features in their homes tend to set the thermostat higher in the heating season and lower in the cooling season so that the savings reflected in the bill are not as large as might be expected?
1 Second, do different household types (age, number of children, or employed and therefore away from the house during the day) have different levels of energy use? Neels (1981) found that physical housing characteristics, such as insulation and space to be heated, are more important than are household characteristics in determining energy consumption.
The U.S. Department of Housing and Urban Development, other federal agencies, and the National Association of Home Builders, among others, have sponsored several studies and demonstrations on energy efficiency, with a number of them being completed in the 1970s and 1980s during and immediately following the energy crisis. More recently, energy has moved to the background as a prominent concern, although the winter heating bills in 2000 and 2001 brought the issue to the forefront again. Studies have examined mandatory energy conservation standards (Weicher, 1980) . Recent work by Colton (1995) examined several issues related to energy efficiency for low-income housing and first-time homebuyers. The study found that life cycle benefits from energy efficient investments would have the same effect as reducing the initial purchase price of a home from 1.5% to nearly 8% depending on the region. It further concluded that energy efficiency improvements would reduce the operating cost of low-and moderate-income housing, improve overall affordability, enhance creditworthiness of households, and reduce risks associated with mortgages.
The Energy Star Program
An Energy Star-labeled home generally uses 30% less energy for heating, cooling, and water heating than does a comparable home built to the 1993 National Model Energy Code. Energy Star is a performance-based program, which requires a home to earn a Home Energy Rating System (HERS) score of 86 or better to qualify. A HERS rating is an objective, standardized evaluation of the energy efficiency of a home compared with a simulated reference house (same size and shape as the rated home) that meets minimum 1993 National Model Energy Code requirements. The HERS rating involves at least one onsite inspection of the home that includes a blower door test (to test the leakiness of the house) and a duct test (to test the leakiness of the ducts). In Florida, the results of these tests along with other information about the house are entered into the energy gauge computer simulation program to generate the HERS score and estimate annual energy costs.
In concept, HERS scores range from 0 to 100. The reference house is assigned a score of 80. For every 5% reduction in energy use (compared with the reference house), the score increases by 1 point. So at a minimum, an Energy Star-labeled home must have a HERS score of 86 (i.e., 30% more energy efficient than the 1993 National Model Energy Code reference house).
Florida deviates somewhat because of its energy code (Florida Building Commission, 2001) , which is more stringent than the 1993 National Model Energy Code. As a result, a conventional codecompliant house built in north Florida can be expected to have a minimum HERS score of 82. This can be verified by examining the baseline home files that come with Florida's energy gauge software.
2 The net effect is that in north Florida, the heating, cooling, and water heating energy consumption in an Energy Star-labeled home should be only 20% less than in a standard, code-compliant home. Estimated annual energy end use in the HERS reference home for north Florida is shown in Figure 1 . Cooling, heating, and water heating represent 54% of total annual energy end use (21%, 15%, and 18% of total consumption, respectively). Using these estimates, an Energy Star home in north Florida should use 20% less of 54% of total annual energy use or an ~11% reduction in total energy end use.
RESEARCH ISSUES AND METHODOLOGY
The market acceptance of Energy Star homes in Gainesville during the past several years has resulted in a reasonable sample size of homes occupied for full calendar years, experiencing the same climatic conditions. Energy Star provides a specific measure of energy efficiency and as such, allows a comparison of homes meeting the energy efficient standard to other new homes. The goal of this study was to determine whether the Energy Star home program as implemented in the Gainesville-area housing market is reducing energy costs relative to other homes and the extent of the savings. The savings have implications for the resources available to homebuyers for home purchase.
There were two distinct database development efforts undertaken in this project. The primary database was concerned with simple energy consumption patterns in conventional versus Energy Star homes. The second data set included information related to conditioned areas, sales dates, sales prices, mortgages, appraisals, and locations (i.e., subdivisions).
Selection of Homes
The best opportunity for fairly evaluating the impact of the Energy Star home program was a comparison at the subdivision level. This approach was possible because of a large concentration of Energy Star houses in the Mentone subdivision. The cost of the upgrade to a Mentone home was about $1,200.
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Cooling 21%
Heating 15%
Hot Water 18%
Refrigerator 11%
Dryer 6%
Stove 6%
Lights 11% Misc 12% 
Subdivisions
Several other single-builder subdivisions with similar size, singlestory homes were identified, including Broadmoor, Capri, Eagle Point, and Stillwind. Like Mentone, houses in these subdivisions are slab-on-grade frame construction. Because these are all single-builder subdivisions and the styles of construction are so similar, these subdivisions are well suited for direct comparison. All of the houses have central heating and air conditioning. With very few exceptions, the homes in all of the subdivisions have natural gas furnaces for heating and natural gas hot water systems. With very few exceptions, all of the houses are equipped with electric ranges and clothes dryers. With very few exceptions, the houses do not have individual swimming pools or wells. Differences such as windows, gas furnace and hot water system efficiencies, penetration sealing, and ventilation systems could not be reliably quantified.
Energy Consumption Data
Development of the primary database was initiated by Gainesville Regional Utilities (GRU), which worked with the Alachua County Property Appraisers Office to identify all single-family detached homes built in Alachua County from January 1998 through December 1999. Using the list of registered Energy Star homes maintained by the Florida Solar Energy Center, the database was separated into conventional and Energy Star-qualified homes. Homes in Alachua County may be served by either GRU or the Clay Electric Cooperative, and the homes in each list were separated into those served by GRU and Clay Electric.
Consumption data included not only power use but also meterreading dates. Data were converted to a calendar month basis by prorating the data during the intervals between meter readings and applying prorated values to days of individual months. The calculated monthly data for gas and electric energy consumption were aggregated to annual or seasonal averages in the subsequent analysis, minimizing the smoothing issues.
Other Data
In addition to the data obtained from the utility companies, additional data were obtained directly from the Alachua County Property Appraiser (tax parcel identification number, conditioned areas, subdivision, and assessed value), the Florida Solar Energy Center (HERS scores), and Reality Check Information, Inc. (sales price and mortgage holder). Energy Star status, tax parcel identification number, and conditioned area were essential data for use in conjunction with the energy consumption data.
Energy consumption data were gathered for calendar years 2000 and 2001. In addition to energy consumption, each home's data set included conditioned space and Energy Star status. Finally, the database included tax parcel identification number, account numbers, physical address, and subdivision for five specific subdivisions.
Data Screening
Each home in the completed database was screened for gaps and anomalies in its energy consumption history. Homes with incomplete calendar year data sets were deleted. The data were also screened to eliminate the few Energy Star houses in the conventional subdivisions and the non-Energy Star houses in the Mentone data set.
Mentone has a single builder that constructs single-story, slab-ongrade frame houses that range from 1,500 square feet to 2,200 square feet conditioned floor area, which is very typical in the Gainesville area housing market. Because of the small size of the data set and to assure consistency across subdivisions in the type of home used for the analysis, the data were further screened to eliminate those few houses that were more than 2,200 square feet in all subdivisions. Similarly, all homes less than 1,200 square feet were eliminated from the data set.
RESULTS
The Gainesville area has a predominately cooling climate with roughly twice the cooling degree days as heating degree days for both 2000 and 2001. The cooling degree day average for the 30-year period from 1961 to 1990 was 2,570; 3 calendar years 2000 and 2001 were both fairly typical. The data are analyzed on an annual basis to allow an examination of differing results across years that may be the result of different weather conditions as well as an opportunity to explore the potential impact of homeowner use, such as not changing filters, that would not be as apparent in the first year of use in a new home. A potential limitation of the results is that family characteristics that influence use in a housing unit could vary across the two samples; data on occupant characteristics were not available.
Electric Energy Consumption Data
Monthly electric consumption data for Mentone, the subdivision with Energy Star-qualified homes, and the four conventional subdivisions were analyzed using houses that had complete electric energy consumption data for both calendar years 2000 and 2001. Table 1 details the number and the average conditioned area of houses in each subdivision data set. The overall average conditioned area for the four conventionally built subdivisions was 1,794 square feet compared with 1,740 square feet for the houses in the Mentone data set.
The monthly electric energy consumption data are displayed graphically in Figures 2 and 3 for calendar years 2000 and 2001, respectively. The data are also given with supplemental calculations in Tables 2 and 3. The data for 2000 show that in comparison with each of the other subdivisions, the electric energy consumption in Mentone was less in every month except in comparison with Stillwind in December. For the whole year on average, the conventional houses consumed 16% more electric energy annually than did the Energy Star houses in the Mentone data set. During the summer cooling season, the differences were even greater, reaching a peak in July of 23%.
The data for 2001 show that in comparison with each of the other subdivisions, the electric energy consumption in Mentone was less in every month except in comparison with Stillwind in January and Capri in November. For the whole year, on average, the conventional houses consumed 10% more electric energy annually than did the Energy Star houses in the Mentone data set. During the summer 84 FAMILY AND CONSUMER SCIENCES RESEARCH JOURNAL cooling season, the differences were even greater, reaching a peak of 16% in September.
Gas Energy Consumption Data
Similar to the electric analysis, monthly gas consumption data for Mentone and the four conventional subdivisions were analyzed using houses that had complete gas energy consumption data for calendar years 2000 and 2001. Table 4 details the number and the average conditioned area of houses in each subdivision data set for 2000 and 2001. The overall average conditioned area for the four conventionally built subdivisions in the 2000 comparison was 1,800 square feet compared with 1,714 square feet for the houses in the Mentone data set, and in 2001, the comparison was 1,794 square feet as opposed to 1,720 square feet for Mentone. The average size of units differs compared with the units report for the electricity data because of differences in the number of units for which a complete set of data on gas use for the year was available. Similarly, average unit size between 2000 and 2001 for the gas data varied because of lack of data on a small subset of homes in one of the years. Because comparisons were being made at the subdivision level, it was appropriate to include as much data as available for each year.
The data for 2000 (see Table 5 and Figure 4) show that in comparison with Mentone, there were only three instances when any of the other subdivisions consumed less gas (Capri in February, Stillwind in May, and Capri in August). For the whole year, on average, the conventional houses consumed 21% more gas energy annually than did 88 FAMILY AND CONSUMER SCIENCES RESEARCH JOURNAL the Energy Star houses in the Mentone data set. During the winter heating season, the differences were even greater, reaching a peak in November of 43%.
The data in Table 6 (also see Figure 5 ) show that in comparison with Mentone, there were only four instances when any of the other subdivisions consumed less gas (Capri in May and Stillwind in January, June, and July). For the whole year, on average, the conventional houses consumed 17% more gas energy annually than did the Energy Star houses in the Mentone data set. During the winter heating season, the differences were even greater, reaching a peak of 45% in December.
SIGNIFICANCE OF ENERGY SAVINGS
To examine the statistical significance of the observed differences in electric and gas consumption between the Energy Star homes and the other homes in the sample, the Analysis of Variance (ANOVA) method was used. The Mentone Energy Star houses were compared with the conventional houses for the 2000 and 2001 primary cooling and heating seasons. Tables 7 and 8 show comparisons of mean energy consumption for each of the five housing developments in this study. The ANOVA results show that these differences are significant. In three of the four periods of analysis, the probability is zero that the mean of the energy consumption in the Mentone homes is the same as for the remainder of the sample (p = .000). In the winter of 2001, there is near certainty that the means differ (p = .004). In the winter, when gas consumption is relatively high, Energy Star homes averaged 9.295 units less consumption than the overall average in 2000 (range of difference = 3.101 to 22.027) and 4.841 less in 2001 (range of difference = 3.348 to 13.059). In the summer, when electricity use is relatively high, Energy Star homes averaged 206.385 units less consumption than the overall average in 2000 (range of difference = 187.680 to 340.289) and 92.49 less in 2001 (range of difference = 118.105 to 181.456).
Financial Significance of the Energy Savings
Based on billing conversion factors supplied by GRU, the annual energy use for each of the subdivisions was converted into an estimated annual bill. Table 9 shows the annual average billing for each subdivision based on the consumption in each subdivision as shown in Tables 2, 3 , 5, and 6 and the billing rate as given by the utility company. The table then calculates the average annual differences in the average annual bill for electricity and gas between each of the four subdivisions and Mentone. It can be seen that the smaller homes in Capri are the closest in average bill to the homes in Mentone, whereas those in Eagle Point have the largest variance. Averaging the 2000 and 2001 differences, the annual average total energy bill compared with Mentone was $212 more in Broadmoor, $66 more in Capri, $224 more in Eagle Point, and $131 more in Stillwind. Averaging the savings across the four subdivisions, the average savings was $158 for a homeowner living in Mentone. Capitalized at a 4% rate as suggested in Nevin and Watson (1998) , the savings translates into an increased home value of $3,950. 4 This cost savings compares favorably to the cost of the upgrade, $1,200. As discussed earlier, the value impact of the savings of Energy Star would likely be higher in other markets without the Florida Energy Code or with a different heating season.
The savings of $158 translates to an average savings of $13 per month. If those funds were spent in mortgage payments, the homebuyer in Mentone would be able to afford an additional $1,979 in a mortgage loan at a 7% rate for a 30-year loan.
5 Again, although not a huge impact, the savings are significant in that they represent about 2% of home value.
In northern areas that are predominately heating climates, the issue of energy costs is more significant. Annual bills for the main heating fuel exceed $2,000 (Power, 2001) . The significance of the savings generated in Gainesville for the heating season of 20% to a peak of more than 40% imply savings of $400 to $800 per year in such a climate. These savings suggest a larger cost benefit to homeowners from energy efficiency in such climates and a greater incentive to achieve energy efficiency. The capitalized benefit would be $10,000 to $20,000.
Is the Energy Efficient Investment Worthwhile? A Decision Framework
The financial benefit of an investment in energy efficient construction is a function of the energy savings resulting from the investment, the additional cost that is added to the construction cost of a home, and the resultant additional mortgage cost (assuming that no benefit accrues through a lower mortgage rate). To illustrate the interplay of these factors, a spreadsheet was developed and an illustration using the results previously discussed is provided in Table 10 . Although the capitalized value of the energy cost savings as reflected in the value of the home is estimated at $1,979, the value today of the energy cost savings during the 30-year life of a mortgage loan, calculated at the same 7% rate used to calculate the mortgage loan payment, is $4,337. The additional cost imposed by the higher construction cost is $1,200. Thus, the net benefit of the energy efficient construction during the 30-year life of the loan is $3,137. Assuming the house is sold after 10 years, the homeowner receives a benefit of $843 because of the shorter amortization period. That benefit may increase as a result of the higher value for the residence due to the energy-saving features. The potential benefit will vary with the climate, the interest rate available for the loan, the cost of the energy efficient improvements, the length of occupancy, and the energy cost savings. A decision framework such as that shown in Table 10 allows an assessment of the benefits under varying assumptions.
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CONCLUSION
The goal of this study was to determine whether the Energy Star home program as implemented in the Gainesville area housing market is reducing energy costs relative to other homes and the extent of the savings. The calculated expected reduction in total energy consumption in an Energy Star-qualified house in north Florida was determined to be 11%. Analysis of the Energy Star-qualified houses in the Mentone subdivision found that the savings significantly exceeded this goal in electric and gas consumption in both 2000 and 2001. The ANOVA technique applied to the means of the samples found that the savings were statistically significant. The indicated energy savings resulted in annual utility cost savings for the average Energy Star household of $180 per year, which was capitalized to indicate a value increase of the average housing unit of $4,500 and the ability to afford a mortgage of $2,255 more than in the absence of the energy savings.
Energy conservation programs such as Energy Star are often advocated as public policy because of their potential to achieve energy conservation goals resulting in societal benefits. However, the energy savings achieved by the household has a potential for more direct impact for the individual household occupying an Energy Star home. The affordability of homeownership is generally examined based on the cost of the structure (the "first cost") and the amount of mortgage for which a household may qualify. Less attention has been placed on the operating costs, or life cycle costs, of a home. If the operating costs can be reduced, then the ability of a household to afford homeownership is improved. Energy is a major component of operating costs and for lower income households, may exceed the monthly mortgage payment. The operating cost savings achieved through Energy Star construction indicated by the results of the analysis of the Mentone subdivision warrant the inclusion of energy efficient construction as a component of strategies to promote homeownership. Greater efforts are warranted to educate builders and homebuyers of the benefits of energy efficient construction. Federal, state, and local housing programs that subsidize the construction or rehabilitation of housing units should consider Energy Star construction as a 96 FAMILY AND CONSUMER SCIENCES RESEARCH JOURNAL requirement of their construction rather than focus on efforts to reduce the construction costs of homes.
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